1. Introduction {#sec1}
===============

The consumer use of herbal products is a serious and growing public health problem despite the relative lack of credible scientific evidence that supports their therapeutic efficacy. The World Health Organization (WHO) has placed interest and commemorates the judicious applications of alternative and complementary medicines that might have passed or become justified for their various indications.[@bib1] Similarly, other food and drug regulatory agencies have embraced this suggestion and ordered such for commercialization. This explains an increasing demand for pharmacologic screening and increases discussion on the safety assessment of herbal remedies. There has been convergent reasoning to provide powerful methodologies for proving efficacy, ensuring quality, standardizing good manufacturing practices, testing for safety, and conducting pharmacovigilance surveillance for adverse effects of polyherbal formulations similar to conventional drugs. This encourages such campaign for a holistic approach of the synergistic or antagonistic effects of several available polyherbal preparations.[@bib2], [@bib3] More so, since every polyherbal possesses inherent toxicity,[@bib4] the lack of a stringent and harmonized quality control and effective monitoring system predispose herbal medications to contamination or adulteration that could prove harmful to humans. Thus, consumers who have the erroneous belief that herbal products are scientifically proven to be effective or are safe because the products are natural may be at serious risks. Agents such as pesticides, toxic herbs, heavy metals and conventional drugs are commonly encountered toxicological concerns in herbal preparations.[@bib5] Suggestions are that some biological trace elements are capable of modifying the molecular structures of subcellular constituents and membranes[@bib6], [@bib7] or play biochemical roles that reflect their involvement in a large number of enzymes.[@bib8] This is supported by the determination of trace elements in medicinal materials[@bib9], [@bib10] with evidence of their involvement on the reproductive systems.[@bib11], [@bib12], [@bib13] This is particularly true for polyherbal medicines in which constituents have a long traditional use but without ever having been submitted to formal tests of safety compared to conventional medicines.[@bib14] Contrastingly, consumers have the erroneous belief that herbal products are safe because they are natural and or synonymous with their orthodox counterparts.[@bib15], [@bib16] In addition, there are speculations that agricultural practices, industrial emissions being accounted as indirect contributors[@bib16] aside some drugs[@bib17] to influence their potentials. In this respect, regulatory authorities including scientific community usually scrutinize their existence.[@bib1]

Bon-santé Cleanser^®^ (BSC), a polyherbal formula, is manufactured by Dabiron Natural Life Care, Nigeria. BSC polyherbal remedy compositions include *Massularia acuminate (G*. *Don*.*) Bullock ex* Hoyle, Macuna *pruriens (L*.,*) DC*, *Anogeissus leiocarpus (DC*.*)*, and *Terminalia ivorensis (A*. *Chev*.*)* formulated into capsule. Interestingly, both folkloric medicine uses and several proposed properties of the potentials of the extracts of the aforementioned medicinal plantsincluding their phytoconstituents have been verified scientifically in rodents.[@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27], [@bib28] For instance, *M*. *acuminate (G*. *Don*.*) Bullock ex Hoyle*, a member of the family Rubiaceae, is used as a chewing stick and aphrodisiac by the Yorubas in southwest Nigeria and has been found to contain a thiophenolic glycoside.[@bib19], [@bib20] It is widely used in Ayurvedic system of medicine to treat various ailments including infertility, gingivitis amongst others.[@bib19], [@bib29] More so, preliminary studies in rats suggest that this herb can increase testosterone and sexuality.[@bib18], [@bib20] *M*. *pruriens* (L.) DC is a family of *fabaceae* and forms one of the most important medicinal plants used to treat many ailments. Folklore explores and benefited from its behavioural and aphrodisiac properties.[@bib21] Phytochemical constituents present include alkaloids, anthraquinones, saponins, phenolics, flavonoids, glycosides and tannins according to Yakubu et al[@bib20] and Oriola et al[@bib19] In addition, some authors have demonstrated the presence of flavones and 3,4-dihydroxyphenylalanine ([l]{.smallcaps}-dopa).[@bib4], [@bib30] *A*. *leiocarpus and T*. *ivorensis* A. Chev., both *combretaceae* are used for treating worms and protozoan diseases in animals.[@bib1], [@bib31] Also, their bark can be used as a chewing stick and their extracts have shown antibacterial, diarrhea, febrifuges, pain and aphrodisiac properties.[@bib23], [@bib25] The *A*. *leiocarpus* stem barks contain tannins, astringents, castalagin[@bib31] and flavogallonic acid dilactone[@bib28], [@bib31] while glycosides, saponins, steroids tannins, astringents were found in *T*. *ivorensis*.[@bib27] Thus, the androgenic, antipyretic, analgesic, antioxidant and anti-inflammatory potentials of these medicinal plants have been documented.[@bib18], [@bib22], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib29] However, no study has yet justified the reproductive effects of the combination of these medicinal plants as found in BSC or its wholistic toxicological effects.

Recently, we assessed the safety of this preparation since it is being sold in public places and the manufacturers claimed they have many customers.[@bib32] Further, the National Agency for Food and Drug Administration and Control enlists BSC among herbal products in Nigeria. Although, we found that BSC was relatively safe with mild alteration in the liver and heart architectures in rats,[@bib32] but its acclaimed indications, however, cannot be juxtaposed on this fact, since no scientific investigations on efficacy have been carried out.

The present study, therefore, assessed the acclaimed hormone boosting effects of Bon-santé Cleanser^®^ polyherbal capsule and reproductive toxicity potentials after a sixty-day sub-chronic administration in male Wistar rats. Also, we determined the influence on the levels of biological trace elements and commented on the quality assurance.

2. Materials and methods {#sec2}
========================

2.1. Drugs and chemicals {#sec2.1}
------------------------

The study was carried out in the Department of Pharmacology, University of Lagos, Lagos Nigeria. Bon-santé Cleanser^®^ capsule was obtained from Dabiron Natural Life Care, Nigeria. Thiobarbituric acid (TBA), Ellman\'s reagent (DTNB) and 1-Chloro-2,4,-dinitrobenzene (CDBN) from Sigma (USA) were purchased from Sigma Chemical Company (USA). Reduced glutathione (GSH), Metaphosphoric acid and Trichloroacetic acid (TCA) were purchased from J.I. Baker (USA). Bovine serum albumin fraction V (BSA) was purchased from SRL, India. Rat Follicle Stimulating Hormone (FSH) (Cat. No.: Rshakrfs-010R) and Luteinizing Hormone (LH) ELISA (Rshakrlh-010SR) kits were purchased from (Biovendor, Shibayagi Co., Ltd. (Japan). RAT Testosterone (RTC001R) ELISA was obtained from Biovendor, Laboratorni, medicina a.s Karasek (Czech Republic). Sodium hydroxide was obtained from MERCK (Germany). All other chemicals and reagents used were of analytical grades. Atomic UV/Visible Spectrophotometer obtained from JENWAY, Bibby Scientific (Model 7300 and 7305) (USA).

2.2. Extraction and preparation of the final polyherbal formulation {#sec2.2}
-------------------------------------------------------------------

BSC was obtained directly from the Dabiron Natural Life Care in Nigeria. It was assigned Batch number 002 and listed with number A7-5321L by the National Agency for Food and Drug Administration and Control (NAFDAC). BSC contains *A*. *leiocarpus (DC*., *family Combretaceae) Guill & Perr*., *T*. *ivorensis (A*. *Chev*., *family Combretaceae)*, *M*. *acuminate (G*.*Don*, *family Rubiaceae) Bullock ex Hoyle and Macuna pruriens (L*., *family leguminosae) DC*.in the ratio 4:2:1:1 respectively. The extraction and formulation procedures complied with the regulatory manual of NAFDAC. In this context, a single capsule of BSC (total content 442 mg) was prepared as previously reported[@bib32] and administered via oral gavage according to standard toxicological guidelines.

2.3. Animals {#sec2.3}
------------

Albino rats of the Wistar strain weighing between 150 and 300 g were purchased from the animal house of the Redeemers University, Ogun State, Nigeria. The rats were housed under controlled conditions in the experimental animal handling facility of the College of Medicine, University of Lagos, Nigeria. The experimental animal room had a 12 h light/12 h dark schedule and maintained at a temperature of 22 ± 3 °C throughout the study. Animals were fed with commercially available rat pelleted diet (Ladoke Akintola Growers Mash, Nigeria) and were allowed access to water *ad libitum* throughout the period of the experiment. The experimental protocols were approved by the Institutional Animal Care and Use Committee, Department of Pharmacology, Therapeutic and Toxicology, College of Medicine, University of Lagos. Animals were certified fit for the experiment by the Institution\'s Animal Health Officers before the commencement of the study. Beddings were changed on alternate days and the animals were sacrificed in a humane manner at the end of the experiment by cervical dislocation. The investigation conforms to the Guide for the Care and Use of Laboratory Animals published by the U. S. National Institutes of Health (NIH Publication No. 85-23, revised 1996)" for studies involving experimental animals and the procedures as documented by Kilkenny et al[@bib33] for reporting animal research.

2.4. Experimental design and necropsy {#sec2.4}
-------------------------------------

Thirty-Two (32) adult male Wistar rats weighing between 150-300 g were divided into 4 groups of 8 rats per group. Group I, the control group, received 10 ml/kg of distilled water daily. BSC was administered to the experimental groups (groups II--IV) at 250 mg/kg, 500 mg/kg and 1000 mg/kg respectively. Both distilled water and BSC were given daily for sixty days via oral gavage. Rats were weighed weekly throughout the course of the experiment. Twenty-four hours after last administration, blood samples were obtained by ocular puncture into either lithium heparin or ethylene diaminetetraacetic acid (EDTA) bottles and animals were subsequently sacrificed by cervical dislocation. The anticoagulated blood samples were centrifuged at 4200 rpm for 5 min to separate the plasma from which all biochemical assays were carried out. The male reproductive system (testis, epididymis) were all harvested, weighed and homogenized in four volumes of buffer solution (0.1M, pH 7.4). A portion of each organ was taken out for histology. The remaining was weighed and homogenized for biochemical assays.

2.5. Analysis of sperm characteristics and morphology {#sec2.5}
-----------------------------------------------------

The testes from each rat were carefully exposed and removed along with its adjoining epididymis. The slides on which the sperm cells were counted were heated to 37 °C until the time of the analysis. The analysis was carried out at room temperature using one epididymis of each rat. The left testis was separated from the epididymis and the caudal epididymal tissue was removed and placed in a petri dish containing 1 mL normal saline solution. An incision of about 1 mm was made in the caudal epididymis to liberate its spermatozoa into the saline solution. Progressive sperm motility, sperm count, and sperm viability were then examined under the microscope attached to a Celestron^®^ Digital Microscope Imager (Torrance, CA 90503) and viewed under X40 objective according to the method described by Raji et al[@bib34] and modified by Kale and Awodele.[@bib32] Epididymal sperm motility was assessed by calculating motile spermatozoa per unit area and was expressed as percentage motility. Epididymal sperm count was done using the improved Neubauer hemocytometer and expressed as million/ml of suspension. The sperm viability was also determined using Eosin/Nigrosin stain. The motile (live) sperm cells were unstained while the non-motile (dead) sperms absorbed the stain. The stained and unstained sperm cells were counted and an average value for each was recorded from which percentage viability was calculated. Sperm morphology was evaluated by staining the sperm smears on microscope slides with two drops of Walls and Ewa stain after they were air-dried. The slides were examined under the microscope under oil immersion with X 100 objectives.

2.6. Assessment of reproductive hormone {#sec2.6}
---------------------------------------

Serum concentrations of male reproductive hormones were measured using micro plate enzyme-linked immunosorbent assay (ELISA) and expressed as Units/Litre. Direct immune-enzymatic determination of the Luteinizing (LH) and Follicle Stimulating Hormones (FSH) was carried out by the method of Odell et al[@bib35] while testosterone level was determined following the principle according to Joshi et al[@bib36] as described in manufacturer\'s manual.

2.7. Rat FSH and LH ELISA {#sec2.7}
-------------------------

Briefly, in rat FSH or LH ELISA Kit, biotin-conjugated anti-FSH/anti-LH and standard or samples were incubated in monoclonal anti-FSH antibody-coated wells. After 15 h incubation and washing, HRP (horse radish peroxidase)-conjugated avidin was added, and incubated for 30 min. After washing, HRP-complex remaining in wells was reacted with a chromogenic substrate (TMB) for 20 min, and the reaction was stopped by addition of acidic solution, and the absorbance of a yellow product was measured spectrophotometrically at 450 nm. The absorbance is nearly proportional to FSH or LH concentration. FSH or LH concentrations in the unknown samples were then extrapolated given their respected standard curve.[@bib35]

2.8. Rat testosterone ELISA {#sec2.8}
---------------------------

A 10 μl of each of sample with new disposable tips into appropriate wells was dispensed in a 100 μl of incubation Buffer into each well. Added was a 50 μl enzyme Conjugate into each well which was incubated for 60 min at room temperature on a microplate mixer. This was discarded and the well rinsed 4 times with diluted washing solution (300 μl per well). Then 200 μl was added of substrate solution to each well and incubated standing for 30 min in the dark. The reaction was stopped by adding 50 μl of stop solution to each well and the absorbance determined for each well at 450 nm.[@bib36]

2.9. Total protein determination and evaluation of oxidant/anti-oxidant status {#sec2.9}
------------------------------------------------------------------------------

Total serum protein (TP) concentration was determined according to the principles based on the Biuret reaction.[@bib37] The method of Beutler et al[@bib38] was followed in estimating the activity of reduced glutathione (GSH). Glutathione S-transferase (GST) activity was determined according to the method described by Habig et al[@bib39] The level of superoxide dismutase (SOD) levels was determined by the method of Misra and Fridovich.[@bib40] Catalase activity was determined according to the method of Sinha.[@bib41] Lipid peroxidation activity was determined by measuring the formation of thiobarbituric acid reactive substances (TBARS) according to the method of Varshney and Kale.[@bib42]

2.10. Determination of trace elements levels {#sec2.10}
--------------------------------------------

Biological trace elements in crude BSC sample and in rat serum were determined using Atomic Absorption Spectrophotometer (MODEL AA-400, PERKIEMER). A capsule of BSC was dissolved in 100 ml deionised water and filtered with glass wool to obtain solution of crude sample. Analyses of trace elements followed the methods of Sprague and Slavin[@bib43] with guidelines with the standard produces of the Perkin-Elmer Corp.

2.11. Histological assessment {#sec2.11}
-----------------------------

Briefly, samples from rat testis were trimmed to about 5 mm thickness, fixed in 10% formol saline and then transferred to graded concentrations of alcohol for two hours. Infiltration was carried out twice by passing each tissue through molten paraffin wax in an oven at a temperature of 30 °C for one and a half hours each. The tissues embedded in molten paraffin wax were later placed on a wooden block and trimmed to size. Serial sections (10 μ thick) were made using a rotatory microtome, floated in a warm water bath at a temperature of 30--40 °C and placed on slides. Sections were then stained, mounted on slides using dimethyl paraffinate xylene (DPX) as a mounting agent and viewed under a light microscope.

2.12. Statistical analysis {#sec2.12}
--------------------------

Data presented are mean ± standard error of the mean (SEM) and were analyzed using Statistical Package for Social Sciences (SPSS, version 20) software for windows (SPSS, Inc., Chicago, Illinois, USA). Differences between groups were determined by one-way analysis of variance, and posthoc testing was performed for intergroup comparisons using the least significant difference (LSD).[@bib44] Figures were obtained using GraphPad Prism 6. A *P*-value \<0.05 was considered significant.

3. Results {#sec3}
==========

3.1. Sperm characteristics and morphology {#sec3.1}
-----------------------------------------

[Table 1](#tbl1){ref-type="table"} shows the result of BSC on sperm characteristics and morphology in normal and BSC-treated rats. BSC demonstrated elevated (p \> 0.05, *F* = 2.27) sperm count in the treated animals by 32.6%, 12.1%, and 13.2% respectively when compared with control group at the doses administered. Although, BSC (250 mg/kg and 500 mg/kg) increased sperm motility non-significantly (p \> 0.05, *F* = 3.38), the highest dose (1000 mg/kg) however, significantly (p \< 0.05, *F* = 3.38--6.07) reduced sperm motility as well as live-dead ratio when compared with control group. In addition, BSC did not significantly alter sperm morphology as the percentage of abnormal sperm in the treated rats was not significantly different from those of control.Table 1Effect of sub-chronic administration of Bon-santé Cleanser^®^ polyherbal formula on sperm characteristics.Table 1TreatmentSC × 10^6a^Motility^a^L/D ratioAbnormality^a^Control (DW, 10 ml/kg)64.50 ± 9.4372.75 ± 6.2982.75 ± 4.5183.00 ± 2.35BSC (250 mg/kg)85.50 ± 8.29^∗^\
(−32.6)76.25 ± 8.85\
(−4.8)83.00 ± 7.78\
(−0.3)78.50 ± 10.25\
(5.4)BSC (500 mg/kg)72.25 ± 7.21\
(−12.1)72.25 ± 5.27\
(0.7)77.25 ± 5.85\
(6.6)84.00 ± 3.48\
(−1.2)BSC (1000 mg/kg)73.00 ± 8.19\
(−13.2)42.33 ± 2.04^∗^\
(41.8)40.67 ± 3.95^∗^\
(50.9)65.66 ± 6.23\
(20.9)[^1]

3.2. Reproductive hormone levels {#sec3.2}
--------------------------------

Serum follicle stimulating hormone (FSH) and luteinizing hormone (LH) were significantly elevated (p \< 0.05, *F* = 2.84--8.22) by 243.0% and 616% in the BSC-treated rats at 250 mg/kg when compared with the control group as indicated in [Table 2](#tbl2){ref-type="table"}. While 500 mg/kg did not alter FSH, it increased (p \< 0.05, *F* = 8.22) LH by 136%. Also, BSC (1000 mg/kg) elevated FSH and LH by 31.3% and 48% (p \> 0.05, *F* = 2.84--8.22) respectively. Both 500 mg/kg and 1000 mg/kg doses of BSC increased (p \> 0.05, *F* = 8.22) the LH levels when compared with control group. Similarly, the levels of testosterone were not significantly different from those of control animals for BSC 250 mg/kg. However, testosterone levels decreased (p \< 0.05, *F* = 1.65) in rats that were administered BSC 500 mg/kg and 1000 mg/kg.Table 2Serum levels of reproductive hormone following sub-chronic administration of Bon-santé Cleanser^®^ polyherbal formula.Table 2TreatmentFSH (units/L)LH (units/L)TST (units/L)Control (DW, 10 ml/kg)0.16 ± 0.010.25 ± 0.062.49 ± 0.14BSC (250 mg/kg)0.55 ± 0.07^∗^\
(−243.0)1.79 ± 0.38^∗^\
(−616.0)2.39 ± 0.26\
(4.01)BSC (500 mg/kg)0.11 ± 0.09\
(31.3)0.59 ± 0.59^∗^\
(−136.0)0.54 ± 0.54^∗^\
(78.3)BSC (1000 mg/kg)0.21 ± 0.04\
(−31.3)0.37 ± 0.04\
(−48.0)0.22 ± 0.07^∗^\
(91.2)[^2]

3.3. Tissue total protein levels and oxidant/antioxidant status {#sec3.3}
---------------------------------------------------------------

[Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"} show effect of BSC on oxidant/antioxidant status of rat testis. BSC did alter total protein levels as observed in this study, although, BSC at 250 mg/kg showed slight significant reduction by 11% (p \> 0.05, *F* = 5.18) in the TTP levels in the testis when compared with the control group as presented in [Fig. 3](#fig3){ref-type="fig"}. Testicular reduced glutathione (GSH) and glutathione S-transferase (GST) activities, superoxide dismutase (SOD) and catalase (CAT) levels were modulated by in BSC-treated rats when compared with control. While BSC at 250 mg/kg causes testicular GSH activity and CAT levels to decreased (p \< 0.05, *F* = 2.16--4.83) by 57.7% and 72.3%. BSC only increase (p \< 0.05) GSH and CAT at dose 500 mg/kg in the testis by 50.3% and 43.7% (p \< 0.05, *F* = 3.18--13.21) respectively. Further, malondialdehyde activity (an important by-product and useful index of lipid peroxidation) at the doses administered was reduced in the BSC-treated rats, although, this was not significantly (p \> 0.05, *F* = 8.37) different from control distilled water group.Fig. 1Effect of subchronic administration of Bon-santé cleanser^®^ polyherbal formula on testicular total protein levels and antioxidant activity. Data are expressed as mean ± SEM. \*p \< 0.05 when compared with control distilled water group. TP: Total protein; CAT: Catalase; GST: Glutathione-S-transferase; DW: Distilled water; BSC: Bon-santé cleanser^®^.Fig. 1Fig. 2Effect of subchronic administration of Bon-santé cleanser^®^ polyherbal formula on testicular antioxidant activity and lipid peroxidation. Data are expressed as mean ± SEM. \*p \< 0.05 when compared with control group. Superoxide dismutase; GSH: Reduced glutathione; MDA = Malondialdehyde; DW = Distilled water; BSC = Bon-santé cleanser^®^.Fig. 2Fig. 3(A) Control Group (Distilled Water, 10 ml/kg) shows normal testis. (B) BSC (250 mg/kg) shows normal testis. (C) BSC (500 mg/kg) shows normal testis (D) BSC (1000 mg/kg) shows the presence of atrophic seminiferous tubules shrunken in size and devoid of lining spermatogenic series cells and spermatozoa (see arrow). (H & E, mag. x 400). (BSC = Bon-sante Cleanser^®^).Fig. 3

3.4. Body and testis weight {#sec3.4}
---------------------------

The result for change in body and testis weights is presented in [Table 3](#tbl3){ref-type="table"}. BSC at 250 mg/kg and 500 mg/kg did not significantly (p \> 0.05, *F* = 2.52) change weight of testis in male rats when compared with those of control animals (distilled water, 10 ml/kg). However, BSC at 1000 mg/kg and 500 mg/kg significantly increased (p \< 0.05, *F* = 2.52--7.64) testis weight and body weight respectively in the treated animals when compared with control group.Table 3Testis and body weights following sub-chronic administration of Bon-santé Cleanser^®^polyherbal formula.Table 3TreatmentTSW (g/kg) weight% Body weightControl (DW, 10 ml/kg)6.3 ± 0.9−3.56BSC (250 mg/kg)6.5 ± 0.9\
(−3.17)−10.38BSC (500 mg/kg)6.4 ± 0.7\
(−1.59)−14.0^∗^BSC (1000 mg/kg)3.8 ± 0.7^∗^\
(39.68)−9.09[^3]

3.5. Biological trace elements levels {#sec3.5}
-------------------------------------

The results presented in [Table 4](#tbl4){ref-type="table"} show the effect of BSC on biological trace elements. BSC (250, 500 and 1000 mg/kg) significantly decreases (p \< 0.05, *F* = 1.46--11.24) Mg and Zn levels respectively. Also, BSC (250 and 1000 mg/kg) increase (p \< 0.05, *F* = 3.07--5.46) Ni and P levels as well. BSC increased (p \< 0.05, *F* = 2.51) Cu levels at 250 mg/kg and 500 mg/kg doses. BSC at 250 mg/kg elevated Mn (p \< 0.05, *F* = 1.46) levels in the rats. However, Fe levels slightly decreased (p \< 0.05, *F* = 3.28) at 500 mg/kg and 1000 mg/kg in the BSC-treated rats when compared with control distilled water group.Table 4Effect of sub-chronic administration of Bon-santé Cleanser^®^ polyherbal formula on serum trace elements levels.Table 4ElementsBSC STDControl\
(DW, 10 ml/kg)BSC\
(250 mg/kg)BSC\
(500 mg/kg)BSC\
(1000 mg/kg)Mg2.89 ± 0.042.69 ± 0.0061.03 ± 0.001^\#^1.67 ± 0.003^\#^3.4 ± 0.001^\#^Zn3.70 ± 0.0014.06 ± 0.033.62 ± 0.01^\#^3.84 ± 0.002^\#^3.92 ± 0.003^∗^P8.13 ± 0.219.00 ± 0.019.68 ± 0.14^\#^9.01 ± 0.0019.61 ± 0.001^\#^Ni0.20 ± 0.010.42 ± 0.010.23 ± 0.01^\#^0.43 ± 0.0010.33 ± 0.001^\#^Mn0.32 ± 0.0090.24 ± 0.0010.27 ± 0.014^∗^0.24 ± 0.0010.23 ± 0.001Cu0.10 ± 0.0010.32 ± 0.0030.38 ± 0.002^\#^0.39 ± 0.023^\#^0.29 ± 0.004^\#^Fe3.15 ± 0.033.21 ± 0.0013.25 ± 0.0013.13 ± 0.026^∗^2.19 ± 0.002^\#^[^4]

4. Discussion {#sec4}
=============

Our previous study on BSC showed the polyherbal remedy to be relatively safe with mild alteration in the liver and heart architectures in rats.[@bib32] Several other reports exist in the literature on issues relating to quality as well as unexpected adverse reactions or toxicity associated with the use of herbal remedies.[@bib45], [@bib46], [@bib47], [@bib48], [@bib49] Public acceptance and use of many herbal products including BSC continue to soar without sufficient data (if any for many herbs) on their toxicity profile or clinical efficacy to guide consumers on the rational use of such products. The uninformed belief or exaggerated confidence placed on the safety and efficacy of these herbal medicinal products over conventional or orthodox medications in many quarters calls for concern and thorough screening of these products in order to promote public health and safety.[@bib47], [@bib48], [@bib49] More so, since every polyherbal possesses inherent toxicity, the lack of a stringent and harmonized quality control and effective monitoring system predispose herbal medications to contamination or adulteration that could prove harmful to humans.[@bib50], [@bib51] Therefore, the present study which provides data on some safety aspects of the polyherbal formula, Bon-santé Cleanser^®^, is an effort geared towards making useful information based on scientific investigation available in order to promote the safe and rational use of the product.

The ethnobotanical uses of the various medicinal plants compounded into BSC capsule have been verified either as individual agent or concoction[@bib19], [@bib20], [@bib29] and additional aphrodisiac activities of other extracts have been reported in experimental models.[@bib52] In rationalizing the efforts of Food and Drug Administration Agency, in our laboratory, we took special interest to investigating the safety of herbal products in rodents.[@bib32], [@bib53] Although, sub-chronic administration (daily treatment for 60 days) of BSC in this study did not produce any significant change in sperm count and morphology at all dose levels when compared with control, the highest dose (1000 mg/kg) administered, however, significantly reduced sperm motility and live-dead ratio in the rats ([Table 1](#tbl1){ref-type="table"}). This latter effect (reduction in sperm motility and live-dead ratio) coupled with its ability to also induce mild inflammation characterized by atrophic tubules in the testis at this dose to suggest that this polyherbal formula may be capable of reducing fertility and ultimately exert testicular damage. In addition, the significant decrease in the weight of the testis relative to body weight produced by BSC (1000 m/kg) gives credence to this speculation and strongly supports the possibility of this polyherbal formula in inducing testicular injury and male reproductive toxicity.

Data from our study also suggest that at lower dose, BSC may be able to enhance levels of hormone under the regulatory control of the anterior pituitary hormones, FSH and LH ([Table 2](#tbl2){ref-type="table"}). This somewhat gives credence to the acclaimed "hormone boosting" benefits of this polyherbal formula in folk medicine. BSC significantly elevated serum levels of FSH and LH at the lowest dose (250 mg/kg) administered in this study. Higher doses (500 and 1000 mg/kg) of the polyherbal formula, however, did not exert any significantly different change in the level of this hormones when compared with the control rats. The decrease in the level of FSH and LH observed at the higher doses of BSC when compared with the lower dose (250 mg/kg) may be related to negative feedback effect on the anterior pituitary. The ability of BSC to enhance serum level of FSH and LH may be of particular benefit in conditions associated with a deficiency in levels and/or actions of reproductive or endocrine hormones that are regulated by these anterior pituitary hormones. There have been reports that LH could demonstrate some exaggerated effects with FSH thereby stimulating follicular growth and ovulation.[@bib54], [@bib55] Also, studies of positive stimulation by FSH and LH, which agreed with local paracrine signalling, have been reported.[@bib54], [@bib56] This may, in part help maintains oestrogen secretion by the dominant follicle and thus, may provide such suitability for BSC to also be investigated in female species.

Our result also revealed that serum testosterone concentration did not change significantly in the rats following sub-chronic administration of BSC. Although 500 and 1000 mg/kg doses of BSC reduced serum testosterone concentration by 78.3% and 91.2% respectively when compared with the control rats, the reduction was not statistically significant. Considering the large percentage reduction in the level of this major male androgenic hormone, it will not be out of place to watch out for adverse effects related to impairment in testosterone production or release in cases of long-term or chronic use of this polyherbal remedy.

Since many natural products particularly those of plant origin have demonstrated therapeutic value in many diseases with documented evidence of involvement of direct or indirect antioxidant mechanisms,[@bib57], [@bib58], [@bib59] we decided to assess the influence of sub-chronic administration of BSC on testicular oxidant/antioxidant balance in the rats ([Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"}). Although, we did not investigate the direct antioxidant potential of BSC by inducing conditions of oxidative stress, its potential to interfere with testicular antioxidant defense system or promote the generation of free radicals and/or reactive intermediates via enhancement of lipid peroxidation was evaluated. Results from our study indicate that treatment with BSC (250--1000 mg/kg) did not produce any significant change or disturbance in testicular antioxidant defense as the activities of superoxide dismutase, catalase, glutathione-S-transferase as well as reduced glutathione level in the treated rats were not significantly different from those of the control rats. Similarly, malondialdehyde (an important by-product and useful index of lipid peroxidation) level in the BSC-treated rats was also not significantly different from control. While several authors have demonstrated similar observation with many established antioxidant herbal or medicinal plants in normal animals or animals without oxidative stress-mediated pathologies,[@bib60], [@bib61], [@bib62] further studies will be required to establish the direct antioxidant potential or otherwise of BSC in conditions of oxidative tissue/organ dysfunction or damage.

Many formulated functional foods or food supplements are now enriched with essential trace elements like copper, iodine, iron or zinc. This has left an impressive progress towards rationalizing policies with respect to the trace-element content of foods and chemicals for special human applications. Evidence abounds of the involvement of biological trace elements in reproductive toxicology.[@bib63], [@bib64], [@bib65], [@bib66], [@bib67] It is now understood that advances in knowledge of the importance and roles of trace elements are essential for health and well-being of humans and animals. The serum biological elements measured in both control and BSC treated groups were not above the *in vitro* BSC standard alone ([Table 4](#tbl4){ref-type="table"}). We observed that BSC administration has such potential to alter biological trace element levels particularly Fe, Zn and P as observed in our results levels. Mn level was only elevated by the lowest dose used in this study in contrast to Mg. Zinc is a potent regulator of programmed cell death in animals. While certain cell-type-specific concentrations of intracellular free zinc are required to protect cells from death, zinc depletion may commit cells to death in diverse systems. Zinc is also involved in the synthesis of DNA and RNA and has been shown to cause impaired male fertility by reducing sperm motility, morphological abnormalities and reduced spermatogenesis in zinc deficient rats.[@bib68] The simultaneous decreased in Mg and Zn levels produced by BSC in this study could trigger reproductive cells apoptosis and may cause dysfunction to reproductive organs. The increase in phosphorus by BSC polyherbal formula may either be through mobilization of phosphorus stored in bone or by other means. Although, a sub-chronic administration as observed in our present study could provide an overview on potential toxicity; however, the limitation of our study lies in the duration since a chronic toxicity evaluation of BSC would be necessary in order to comment on the long-term outcomes. Also, the manufacturer of BSC claims that herbal remedy possesses "energy boosting" property, we did not investigate the relationship between energy generation and intake of phosphorus in this study. Furthermore, BSC also produced increase in Cu, an essential trace element required by several enzymes responsible for numerous metabolic processes essential for life. These enzymes are indispensible in cellular activity for signal transduction and cell regulation. But, over expression of these biological trace elements could precipitated toxicities including those of the reproductive system and this could result in altered homeostatic processes and reproductive life.

5. Conclusion {#sec5}
=============

In conclusion, data from this study suggest that BSC at low doses (≤250 mg/kg) may play a role in improving reproductive health as revealed by its ability to elevate serum levels of FSH and LH, thus, justifying in part, the acclaimed folkloric benefit as a "hormone booster". BSC, on the other hand, also showed potential to cause reproductive toxicity as evident by its adverse effects on some sperm parameters and testicular morphology and alter biological trace element levels. While BSC shows potential as an enhancer of levels of reproductive hormones that are regulated by the pituitary hormones, FSH and LH, the observed dose-related adverse effects of this polyherbal formula on male reproductive function calls for its cautious use particularly on chronic administration. Although it may be cumbersome and extensive, we further recommend the elucidation of all the chemical structures of BSC.
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[^1]: Data are expressed in percentage as mean ± SEM. "a" in superscript indicates %. ^∗^p \< 0.05 when compared with control group. Values in parenthesis represent % change; (−) increase; (+) decrease. DW: Distilled water; BSC: Bon-santé Cleanser^®^. SC: Sperm count; L/D: Sperm Live/Dead ratio.

[^2]: Data are expressed as mean ± SEM. ^∗^p \< 0.05 when compared with control group. Values in parenthesis represent % change; (−) increase; (+) decrease. BSC= Bon-santé Cleanser^®^. DW: Distilled water; FSH: Follicle Stimulating Hormone; LH: Luteinizing Hormone; TST: Testosterone, TSW: Testis weight.

[^3]: Data are expressed as mean ± SEM. n = 8; ^∗^p \< 0.05 when compared with control group. Values in parenthesis represent % change; (−) increase; (+) decrease. BSC: Bon-santé Cleanser^®^. TSW: Testis weight.

[^4]: Data are expressed as mean ± SEM; n = 8; units: mg/L; ^∗^p \< 0.05 or ^\#^p \< 0.001 when compared with control. BSC: Bon-santé Cleanser^®^; DW: Distilled water; STD: Standard; Mg: Magnesium; Zn: Zinc; P: Phosphorus; Ni: Nickel; Mn: Manganese; Cu: Copper; Fe: Iron.
